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B-2
S T R A T I G R A P H Y  AND S T R U C T U R E  OF THE 
M O N A D N O C K  Q U A D R A N G L E ,  NEW H A M P S H I R E
(Trips B-2 and C-1)
P e t e r  J. T h o m p s o n  
C o r n e l l  C o l l e g e ,  M o u n t  V e r n o n ,  Iowa
I n t r o d u c t i o n
The l a y e r e d  r o c k s  of the M o n a d n o c k  q u a d r a n g l e ,  New H a m p s h i r e ,  
have been m a p p e d  ( T h o m p s o n ,  1985) b a s e d  on a s t r a t i g r a p h i c  s e q u e n c e  
w h i c h  c o r r e l a t e s  well with the s e q u e n c e  d e s c r i b e d  by L y o n s  and 
H a t c h  in c e n t r a l  New H a m p s h i r e  and e a r l i e r  by M o e n c h  in w e s t e r n  
M a i n e  (Hatch e_t a l . , 1983). T h r e e  d i s t i n c t i v e  S i l u r i a n  units 
s e p a r a t e  S i l u r i a n  R a n g e l e y  F o r m a t i o n  from the D e v o n i a n  L i t t l e t o n  
F o r m a t i o n .  In o r d e r  from o l d e s t  to y o u n g e s t  t h e s e  are: the
P e r r y  M o u n t a i n  F o r m a t i o n ,  t h i n l y  b e d d e d  s c h i s t  and w h i t e  q u a r t z i t e ;  
the F r a n c e s t o w n  F o r m a t i o n ,  m a i n l y  s u l f i d i c  c a l c - s i l i c a t e  g r a n u l i t e  
with a s u b o r d i n a t e  s u l f i d i c  schist; and the W a r n e r  F o r m a t i o n ,  
c o n s i s t i n g  of a lower c l e a n  c a l c - s i l i c a t e  g r a n u l i t e  and an u p p e r  
f e l d s p a t h i c  g r a n u l i t e .  The R a n g e l e y  F o r m a t i o n  i n c l u d e s  s u l f i d i c  
to g r a y - w e a t h e r i n g  g r i t t y  s c h i s t  with c a l c - s i l i c a t e  pods, g r a n u l i t e  
beds, q u a r t z - p e b b l e  c o n g l o m e r a t e  l e n s e s  near the top, and g r a n u -  
l i t e - m a t r i x  c o n g l o m e r a t e  h o r i z o n s  near the l o w e s t  e x p o s e d  part.
The L i t t l e t o n  F o r m a t i o n  c o n s i s t s  of g r a y - w e a t h e r i n g  s c h i s t s  and 
q u a r t z i t e s ,  w i t h  the p r o p o r t i o n  of q u a r t z i t e  i n c r e a s i n g  u p w a r d s .
Mt. M o n a d n o c k  i t s e l f  is held up by q u a r t z i t e  b e d s  in the L i t t l e t o n  
F o r m a t i o n  w h i c h  are f o l d e d  back on t h e m s e l v e s  to form a t h i c k  
r e s i s t a n t  s e q u e n c e .  D a v i s  (1896) c i t e d  M o n a d n o c k  as the type 
l o c a l i t y  for r e s i s t a n t  m o u n t a i n s  r i s i n g  a b o v e  the g e n e r a l  e r o s i o n  
level, t h e r e b y  c o i n i n g  the t er m " m o n a d n o c k "  for such i s o l a t e d  
p e a k s  w o r l d w i d e .
The S i l u r i a n  is r e p r e s e n t e d  by a m u c h  t h i n n e r  s e q u e n c e  of 
r o c k s  a l o n g  the west edge of the q u a d r a n g l e ,  w h e r e  the C l o u g h  
Q u a r t z i t e  and local F i t c h  F o r m a t i o n ,  p r o b a b l y  c o r r e l a t i v e  with 
the S i l u r i a n  u n i t s  d e s c r i b e d  above, o v e r l i e  O r d o v i c i a n  r o c k s  of 
the K e e n e  dome. The q u a d r a n g l e  thus s t r a d d l e s  a S i l u r i a n  " t e c ­
t o n i c  h i n g e "  ( F i g u r e  1), w h i c h  may have b e h a v e d  as a zone of 
w e a k n e s s  d u r i n g  A c a d i a n  d e f o r m a t i o n .
I n t r u s i v e  r o c k s  i n c l u d e  the pre- or s y n - t e c t o n i c  ( D e v o n i a n )  
K i n s m a n  G r a n i t e ,  s y n - t e c t o n i c  ( D e v o n i a n )  S p a u l d i n g  T o n a l i t e  and 
r e l a t e d  rocks, and p o s t - t e c t o n i c  (? M i s s i s s i p p i a n ) F i t z w i l l i a m  
G r a n i t e .  G r a n i t e  d i k e s  and m i c r o d i o r i t e  d i k e s  p r o b a b l y  c o e v a l  
w it h the F i t z w i l l i a m  cut all g e n e r a t i o n s  of f o l d s  on Mt. M o n a d n o c k
F iv e p h a s e s  of A c a d i a n  d e f o r m a t i o n  ha v e a f f e c t e d  the r o c k s  
of the q u a d r a n g l e  ( F i g u r e  2). Fo ld  n a p p e s  and t he n t h r u s t  f a u l t s  
t r a n s p o r t e d  r o c k s  of the M e r r i m a c k  t r o u g h  ( R a n g e l e y  t h r o u g h  
L i t t l e t o n  F o r m a t i o n s )  w e s t w a r d  a c r o s s  the t e c t o n i c  h i n g e  onto the 
t h i n n e r  B r o n s o n  Hill s e q u e n c e .  The r o c k s  we r e t he n f o l d e d  back 
t o w a r d  the east in two c o m p l i c a t e d  p h a s e s  w h i c h  i n c l u d e d  m y l o n i -  
z a t i o n  a l o n g  the s h o r t  limb of a m a j o r  b a c k f o l d ,  the B e e c h  Hill 
a n t i c l i n e .  The final p h a s e  p r o d u c e d  folds r e l a t e d  to the rise of
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the K e e n e  do me  at the west edge of the q u a d r a n g l e .  T h e r e  is 
e v i d e n c e  for s e v e r a l  p e r i o d s  of m o v e m e n t  a l o n g  the f o u r - k i l o m e t e r  
w i d e  T h o r n d i k e  P o n d  fault zone, i n c l u d i n g  n a p p e - s t a g e  d u c t i l e  
t h r u s t i n g ,  e a s t - d i r e c t e d  shear d u r i n g  the b a c k f o l d i n g ,  late P a l e o  
zoic s h e a r  in the F i t z w i l l i a m  G r a n i t e ,  and M e s o z o i c  n o r m a l  f a u l t ­
ing and s i l i c i f i c a t i o n . A s i n g l e  o c c u r r e n c e  of a p r e s u m a b l y  
M e s o z o i c  d i a b a s e  dike was found in a float b l o c k  of K i n s m a n  
G r a n i t e .
The d o m i n a n t  f o l i a t i o n  lies p a r a l l e l  to a x i a l  p l a n e s  of 
n a p p e - s t a g e  folds, and the peak m e t a m o r p h i s m  p r o b a b l y  o c c u r r e d  
d u r i n g  the e a r l y  b a c k f o l d i n g .  A s s e m b l a g e s  in p e l i t i c  s c h i s t s  
r a n g e  from Z on e II in the west to Z on e VI n ea r the K i n s m a n  G r a n ­
ite in the n o r t h e a s t ,  but Zones III (s i l i m a n i t e - b i o t i t e - g a r n e t -  
m u s c o v i t e )  and IV (s i l l i m a n i t e - b i o t i t e - g a r n e t - m u s c o v i t e - K - f e l d -  
spar) p r e d o m i n a t e  in most of the q u a d r a n g l e .  G a r n e t  and b i o t i t e  
c o m p o s i t i o n s  in Zone III y i e l d  peak t e m p e r a t u r e  e s t i m a t e s  of 
635-670° and e v i d e n c e  of r e - e q u i l i b r a t i o n  d u r i n g  c o o l i n g  and 
u n l o a d i n g .  A p r e s s u r e  of 6.3 kbar is i n d i c a t e d  by g a r n e t  c o m p o ­
s i t i o n  in e q u i l i b r i u m  wi th  c o r d i e r i t e  and s i l l i m a n i t e .  A zoned 
c a l c - s i l i c a t e  pod from Zone III c o n t a i n s  b u s t a m i t e  in the core, 
as well as a v a r i e t y  of c a l c - s i l i c a t e  m i n e r a l s  w i t h  i n t e r e s t i n g  
d i s e q u i l i b r i u m  t e x t u r a l  r e l a t i o n s h i p s .
S T R A T I G R A P H Y
F o w l e r - B i l l i n g s  (1949) d e s c r i b e d  m o s t  of the l a y e r e d  rocks 
in the M o n a d n o c k  q u a d r a n g l e  as m e m b e r s  of the L i t t l e t o n  F o r m a t i o n  
Her l o w e r  and u p p e r  s c h i s t  m e m b e r s  are now m a p p e d  as R a n g e l e y  
F o r m a t i o n ,  and her m i d d l e  m e m b e r  is r e t a i n e d  as L i t t l e t o n  F o r m a ­
tion. Her r u s t y  q u a r t z i t e  m e m b e r  is m a p p e d  as F r a n c e s t o w n  and 
W a r n e r  F o r m a t i o n s ,  f o l l o w i n g  N e l s o n  (1975). T o p p i n g  d i r e c t i o n s  
are p r o v i d e d  by g r a d e d  beds in the R a n g e l e y ,  P e r r y  M o u n t a i n  and 
L i t t l e t o n  F o r m a t i o n s .
R a n g e l e y  F o r m a t i o n
R o c k s  a s s i g n e d  to the R a n g e l e y  F o r m a t i o n  in the M o n a d n o c k  
q u a d r a n g l e  i n c l u d e  r u s t y - w e a t h e r i n g  s u l f i d i c  s c h i s t s ,  gray- 
w e a t h e r i n g  s c h i s t s ,  q u a r t z - f e l d s p a r - b i o t i t e  g r a n u l i t e s ,  a v a r i e t y  
of . c o n g l o m e r a t e  h o r i z o n s  and lenses, and a v a r i e t y  of calc- 
s i l i c a t e  g r a n u l i t e  h o r i z o n s  and le nses. The m a p p i n g  of r u s t y -  
and g r a y - w e a t h e r i n g  r o c k s  w i t h i n  the R a n g e l e y  F o r m a t i o n  has not 
s h o w n  any c l e a r  i n t e r n a l  s t r a t i g r a p h y ;  the s i t u a t i o n  seems to be 
m o r e  c o m p l i c a t e d  th an  s i m p l y  an u p p e r  r u s t y  p ar t and lower gray 
part, as s u g g e s t e d  by H a t c h  e_t a l . ( 1983) for c e n t r a l  New H a m p ­
shire. B e c a u s e  of the h e t e r o g e n e i t y  of the unit, c o n s i s t e n t  
i n t e r n a l  s t r a t i g r a p h y  s h o u l d  p r o b a b l y  not be e x p e c t e d  over wide
T h r e e  i n f o r m a l  p a r t s  of the R a n g e l e y  ha ve  t e n t a t i v e l y  been 
i d e n t i f i e d .  The l o w e r  part is p r e d o m i n a n t l y  g r a y - w e a t h e r i n g  
s c h i s t  w i t h  c a l c - s i l i c a t e  pods and local g r a n u l i t e  and g r a n u l i t e  
m a t r i x  c o n g l o m e r a t e .  The m i d d l e  part c o n s i s t s  of a t h i c k  
s e q u e n c e  of p r e d o m i n a n t l y  s u l f i d i c  s c h i s t  w i t h  c a l c - s i l i c a t e  
pods. The u p p e r  part c o n s i s t s  of i n t e r b e d d e d  gray and s u l f i d i c
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C a rd ig a n pluton
D e r b y  Hi l l  
window
Cobb H i l l  anticl ine
Babbidge
Reservoir /
p lu to n  A
anticline
S p a u l ding  
H i l l  pluton
M a r l b o r o
p iu t o n
T ro y  1*.






H i l l
p lu to n
F i t z w i l l i a m  
pluton .
H a r d w ic k
p l u t o n .
Fig. 2. Simplified geologic map of the Monadnock quadrangle. 
Trip B-2 stops are shown by circled numbers. Summit of Mt. 
Monadnock (Trip C-l) is a solid triangle. Numbers in p a r e n ­
theses refer to the three structural levels separated by 
faults discussed in the text. Littleton F m .— dotted; plutons 
shaded; Rangeley Fm. and other older units — unpatterned.
(Littleton not shown in Derby Hill window: see Figs. 10 & 11)
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Fig. 3. Stratigraphic Column.
upper part of LITTLETON FORMATION: D1 U
gray schist and quartzite
lower part of LITTLETON FORMATION: Dll
gray schist and sparse quartzite
upper part of WARNER FORMATION: Sw
gray granulite 




PERRY MOUNTAIN FORMATION: Spm
thinly bedded schist and white quartzite
upper part of RANGELEY FORMATION (C?): Sru
gritty schist with quartz pebble lenses 
and calc-silicate pods
middle part of RANGELEY FORMATION (B?): Srm
sulfidic schist with calc-silicate pods
lower part of RANGELEY FORMATION (A?): Sri
gray feldspathic schist and granulite 
with calc-silicate pods and granulite- 
matrix conglomerate
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s c h i s t s  with g r i t t y  ho ri z o n s ,  c a l c - s i l i c a t e  pods, and local 
lenses of q u a r t z - p e b b l e  c o n g l o m e r a t e .  B e d d i n g  is g e n e r a l l y  well 
d e f i n e d  in the u p p e r  part and beds up to 15 cm t h i c k  w it h "slow 
g r a d i n g "  are present.
R e d d i s h - r u s t y ,  q u a r t z - b i o t i t e - m u s c o v i t e - p l a g i o c l a s e  schist, 
with g r i t t y  h o r i z o n s  and c a l c - s i l i c a t e  pods, is the most c o m m o n  
rock type in the R a n g e l e y  F o r m a t i o n .  The p l a g i o c l a s e  r a n g e s  from
A n ^  to A n ^ .  S i l l i m a n i t e ,  garnet, o r t h o c l a s e ,  and r e t r o g r a d e
s t a u r o l i t e  and M g - c h l o r i t e  may be present. P yrite, p y r r h o t i t e ,  
and m a r c a s i t e  after p y r r h o t i t e  a c c o u n t  for the rusty w e a t h e r i n g .  
L e n s e s  or pods of c a l c - s i l i c a t e  g r a n u l i t e  are very common, r a n g i n g  
in size from 10 to 100 cm. The d i s c o v e r y  of c o n g l o m e r a t e  l e n s e s  
at some f i f t e e n  l o c a l i t i e s  lends w e i g h t  to the p r o p o s e d  c o r r e l a ­
tion of this unit with type R a n g e l e y  F o r m a t i o n  in Maine.
G r a y - w e a t h e r i n g  s c h i s t s  in the R a n g e l e y  are q u i t e  s i m i l a r  to 
the L i t t l e t o n  F o r m a t i o n .  The R a n g e l e y  c o n t a i n s  s o m e w h a t  more 
f e l d s p a r  and fewer p h y l l o s i l i c a t e  m i n e r a l s .  A m or e  r e l i a b l e  
c h a r a c t e r i s t i c  of the R a n g e l e y  gray s c h i s t s  is the p r e s e n c e  of 
c a l c - s i l i c a t e  pods s i m i l a r  to those in the r u s t y  s c h i s t s .
In some p a r t s  of the R a n g e l e y  F o r m a t i o n ,  but e s p e c i a l l y  in 
the g r a y - w e a t h e r i n g  s c h i s t  and gneiss, s e g r e g a t i o n s  of q u a r t z  and 
m u s c o v i t e ,  wi th  or w i t h o u t  f e l d s p a r  and s i l l i m a n i t e ,  form augen. 
A u g e n  are e s p e c i a l l y  c o m m o n  north of the C h e s h a m  P on d thrust.
They may r e p r e s e n t  p o c k e t s  of r e c r y s t a l l i z e d  p e g m a t i t i c  melt or 
r e t r o g r a d e d  K - f e l d s p a r  p o r p h y r o b l a s t s . The a u g e n  t e x t u r e s  may 
have been a c c e n t u a t e d  by m y l o n i t i z a t i o n  e a r l y  in the d e f o r m a t i o n .
Perry M o u n t a i n  F o r m a t i o n
In the M o n a d n o c k  q u a d r a n g l e  an i n t e r v a l  of t h i n l y  b e d d e d  
(2-5 cm) c l e a n  q u a r t z i t e  and gray to s l i g h t l y  r u s t y  s c h i s t  o c c u r s  
in most p l a c e s  b e t w e e n  the R a n g e l e y  and F r a n c e s t o w n  F o r m a t i o n s .  
Q u a r t z i t e - s c h i s t  c o n t a c t s  are sharp, and g r a d e d  beds are sparse. 
W h e r e  g r a d e d  beds are p r e s e n t  the t o p p i n g  d i r e c t i o n s  are c o m m o n l y  
hard to read. No rm  H a t c h  (pers. comm., 1985) t h i n k s  that much 
of what I m a p p e d  as P e r r y  M o u n t a i n  s h o u l d  be i n c l u d e d  with the 
upper R a n g e l e y .  Some o u t c r o p s  in the u p p e r  part of the R a n g e l e y  
F o r m a t i o n  r e s e m b l e  the Perry M o u n t a i n ,  and i n d e e d  the c o n t a c t  may 
be g r a d a t i o n a l .  East of the T h o r n d i k e  Pond fault zone, l i t t l e  if 
any P e r r y  M o u n t a i n  F o r m a t i o n  can be r e c o g n i z e d  at the a p p r o p r i a t e  
p o s i t i o n .
%
The q u a r t z i t e s  c o n s i s t  of quartz, m u s c o v i t e ,  b i o t i t e ,  garnet, 
and opaques, with or w i t h o u t  s i l l i m a n i t e ,  p l a g i o c l a s e ,  r e t r o g r a d e  
c h l o r i t e ,  and a c c e s s o r y  apatite, zircon, and t o u r m a l i n e .  The 
s c h i s t s  are gray to s o m e w h a t  r u s t y - w e a t h e r i n g , q u a r t z - b i o t i t e -  
p l a g i o c l a s e - g a r n e t  rocks with or w i t h o u t  s i l l i m a n i t e ,  m u s c o v i t e  
and o r t h o c l a s e .  L o c a l l y  there are large s i l l i m a n i t e  p s e u d o m o r p h s  
after a n d a l u s i t e .  Thin g a r n e t - q u a r t z  g r a n u l i t e  ( " c o t i c u l e " )  
beds and l e n s e s  are l o c a l l y  p r e s e n t  in the P e r r y  M o u n t a i n  F o r ­
m a t i o n  .
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The P e r r y  M o u n t a i n  F o r m a t i o n  is m uc h t h i c k e r  in the P e t e r ­
b o r o u g h  q u a d r a n g l e  (Duke, 1984) and c o r r e l a t e s  w i t h  the upper 
part of the C r o t c h e d  M o u n t a i n  F o r m a t i o n  in the H i l l s b o r o  q u a d ­
r a n g l e  ( N i e l s o n ,  1981). The c l e a n  q u a r t z i t e s  and t h i n n e r  b e d d i n g  
c o m p a r e d  to the u n d e r l y i n g  R a n g e l e y  F o r m a t i o n  s u g g e s t  a m a t u r i n g  
of the e r o s i o n a l  c y c l e  in the s o u r c e  area. The C l o u g h  Q u a r t z i t e  
may be in part c o r r e l a t i v e  ( F i g u r e  1), but no f o s s i l s  have yet 
b ee n f o u n d  in the P e r r y  M o u n t a i n  F o r m a t i o n .
F r a n c e s t o w n  F o r m a t i o n
E x t r e m e l y  r u s t y - w e a t h e r i n g , b l o c k y  c a l c - s i l i c a t e  g r a n u l i t e  
and r u s t y - w e a t h e r i n g  g r a p h i t i c  s c h i s t  m ak e this the most d i s t i n c ­
tive unit in the M o n a d n o c k  s t r a t i g r a p h y .  G r a p h i t e  and s u l f i d e s  
t o g e t h e r  c o m p o s e  up to 10% of the rock. The c a l c - s i l i c a t e  gran- 
u l i t e s  are c o m p o s e d  of qu artz, c a l c i c  p l a g i o c l a s e ,  g r a p h i t e  and 
iron s u l f i d e  m i n e r a l s  wi th  or w i t h o u t  sphene, a c t i n o l i t e ,  diop- 
side, z o i s i t e ,  m i c r o c l i n e ,  m i n o r  m u s c o v i t e ,  M g - b i o t i t e ,  and Mg- 
c h l o r i t e ,  and a c c e s s o r y  a p a t i t e ,  zircon, t o u r m a l i n e ,  and a l l a n i t e  
The iron s u l f i d e s  i n c l u d e  pyrite, p y r r h o t i t e  and s e c o n d a r y  m a r c a -  
site a p p a r e n t l y  r e p l a c i n g  p y r r h o t i t e .  The r o c k s  are hard and 
w el l j o i n t e d ,  b r e a k i n g  into b r i c k - s i z e d  f r a g m e n t s .
S c h i s t s  of the F r a n c e s t o w n  F o r m a t i o n  w e a t h e r  d e e p l y  to a 
r u s t y  b r o w n - o r a n g e - y e l l o w  rind s u r r o u n d i n g  a w h i t e  i n t e r i o r  
f l e c k e d  w i t h  g r a p h i t e .  The s c h i s t s  c o n t a i n  q u a r t z ,  m u s c o v i t e ,  
M g - b i o t i t e ,  s i l l i m a n i t e ,  g r a p h i t e ,  iron s u l f i d e s ,  and s e c o n d a r y  
M g - c h l o r i t e ,  w i t h  or w i t h o u t  p l a g i o c l a s e ,  r u t i l e ,  s p h e n e  and 
z ircon. N e i t h e r  the s c h i s t s  nor the c a l c - s i l i c a t e s  c o n t a i n  b l a c k  
mica, and t hi s is one of the c h i e f  c r i t e r i a  for d i s t i n g u i s h i n g  
i s o l a t e d  o u t c r o p s  from o t h e r w i s e  s i m i l a r  r u s t y  s c h i s t s  in the 
R a n g e l e y  F o r m a t i o n .  The c o r r e l a t i v e  S m a l l s  F a l l s  F o r m a t i o n  
( N i e l s o n ,  1981) c o n t a i n s  a h i g h e r  p r o p o r t i o n  of s c h i s t  to calc- 
s i l i c a t e  t ha n in the M o n a d n o c k  area.
W a r n e r  F o r m a t i o n
A l t h o u g h  th ey  ha ve  not been m a p p e d  s e p a r a t e l y ,  two p a r t s  of 
the W a r n e r  F o r m a t i o n  can be d i s t i n g u i s h e d  in the M o n a d n o c k  q u a d ­
r a n g l e .  The l o w e r  p ar t of the W a r n e r  F o r m a t i o n  c o n s i s t s  of t h i n ­
l y - b e d d e d  (0.5 - 5 cm) green, pink, gray or w h i t e  c a l c - s i l i c a t e  
g r a n u l i t e s .  The c o l o r  v a r i a t i o n  is due to d i f f e r e n c e s  in the 
r e l a t i v e  p r o p o r t i o n s  of a c t i n o l i t e ,  d i o p s i d e ,  g a r n e t ,  c l i n z o i s i t e ,  
f e r r i a n  z o i s i t e ,  s p h e n e ,  b i o t i t e  and c a l c i t e .  Q u a r t z  is p r e s e n t  
in all l ayers. Ra re  s c h i s t  beds o c c u r  near the base of the 
f o r m a t i o n .  The u p p e r  p ar t of the W a r n e r  c o n s i s t s  of f i n e - g r a i n e d  
q u a r t z - b i o t i t e - p l a g i o c l a s e  g r a n u l i t e ,  wi th  m i n o r  m u s c o v i t e  and 
s phene, and a c c e s s o r y  z ircon, garnet, a p a t i t e ,  r u t i l e ,  t o u r m a l i n e  
and o p a q u e s .  The p l a g i o c l a s e  is a n d e s i n e .  O u t c r o p s  are t h i c k l y  
b e d d e d ,  m a s s i v e ,  w i t h  s m o o t h  p u r p l i s h - g r a y  " s a l t  and p e p p e r "  
s u r f a c e s .  C a l c - s i l i c a t e  pods with m i n e r a l o g y  s i m i l a r  to the 
l o w e r  p ar t of the W a r n e r  are c o m m o n  in the u p p e r  part. The pods 
are g e n e r a l l y  z o n e d  w i t h  a w e a t h e r e d - o u t  d e p r e s s i o n  a r o u n d  a very 
r e s i s t a n t  co re  and are s i m i l a r  to pods in the R a n g e l e y  F o r m a t i o n .  
The c o n t a c t  w i t h  the o v e r l y i n g  L i t t l e t o n  F o r m a t i o n  is g r a d a t i o n a l ;  
c a l c - s i l i c a t e  p od s  and g r a n u l i t e  beds p e r s i s t  into the l o w e r  part
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of the L i t t l e t o n .  For m a p p i n g  pu rp o s e s ,  the u p p e r m o s t  c o n t i n u o u s  
g r a n u l i t e  bed is t a k e n  as the upper c o n t a c t  of the Warner. The 
W a r n e r  p r o b a b l y  c o r r e l a t e s  with the late S i l u r i a n  F i t c h  F o r m a t i o n  
of the B r o n s o n  Hill s e q u e n c e ,  and with the M a d r i d  F o r m a t i o n  of 
M a i n e  (Hatch et al., 1983).
L i t t l e t o n  F o r m a t i o n
The L i t t l e t o n  F o r m a t i o n  in the M o n a d n o c k  q u a d r a n g l e  c o n s i s t s  
p r e d o m i n a n t l y  of g r a y - w e a t h e r i n g  p e l i t i c  s c h i s t  and m i c a c e o u s  
q u a r t z i t e .  The s c h i s t s  c o n s i s t  of q u a r t z  and m u s c o v i t e  with or 
w i t h o u t  b i o t i t e ,  s t a u r o l i t e ,  garnet, s i l l i m a n i t e ,  p l a g i o c l a s e ,  
K - f e l d s p a r ,  g r a p h i t e  and other opaques, r e t r o g r a d e  c h l o r i t e ,  
c h l o r i t o i d  and s t a u r o l i t e ,  and a c c e s s o r y  t o u r m a l i n e ,  z i r c o n  and 
a pa ti te . P s e u d o m o r p h s  of s i l l i m a n i t e  after a n d a l u s i t e  are c o m m o n  
in some p a r t s  of the q u a d r a n g l e ,  d e p e n d i n g  on the m e t a m o r p h i c  
h i s t o r y ,  but no r e l i c t  a n d a l u s i t e  was found in thin section.
Some p s e u d o m o r p h s  p r e s e r v e  c h i a s t o l i t e  c r o s s - s h a p e d  i n c l u s i o n  
p a t t e r n s .
The q u a r t z i t e s  c o n t a i n  quartz, m u s c o v i t e ,  b i o t i t e ,  g a r n e t  
and o pa qu es , w it h or w i t h o u t  s i l l i m a n i t e ,  p l a g i o c l a s e ,  r e t r o g r a d e  
c h l o r i t e ,  and a c c e s s o r y  t o u r m a l i n e ,  z i r c o n  and a p a t i t e .  The 
p r o p o r t i o n  of q u a r t z i t e  to s c h i s t  i n c r e a s e s  in s t r a t i g r a p h i c a l l y  
h i g h e r  p a r t s  of the f o r m a t i o n ,  so that two p a r t s  can be i n f o r m a l ­
ly d i s t i n g u i s h e d .  Q u a r t z i t e  beds are p r o g r e s s i v e l y  t h i c k e r  and 
m or e a b u n d a n t  u p w a r d  in the section. The u p p e r  part is best 
e x p o s e d  on the s u m m i t  of Mt. M o n a d n o c k ,  on P u m p e l l y  Ridge, and 
a r o u n d  the v i l l a g e  of D u b l i n .  C o t i c u l e  h o r i z o n s  are c o m m o n  in 
the upper part of the L i t t l e t o n .
The L i t t l e t o n  of the M o n a d n o c k  area is c o r r e l a t e d ,  on the 
b a s i s  of both rock type and s t r a t i g r a p h i c  p o s i t i o n ,  to the type 
L i t t l e t o n  F o r m a t i o n  and to the S e b o o m o o k  F o r m a t i o n  of Maine, 
both of w h i c h  c o n t a i n  L o w e r  D e v o n i a n  fossils.
S T R U C T U R A L  G E O L O G Y
I n t r o d u c t i o n
Five p h a s e s  of A c a d i a n  d e f o r m a t i o n  have a f f e c t e d  the rocks 
of the M o n a d n o c k  q u a d r a n g l e .  The ea rl i e s t ,  i s o c l i n a l  folds, are 
b e l i e v e d  to be r e l a t e d  to the huge w e s t - v e r g i n g  n a p p e s  p r o p o s e d  
by T h o m p s o n  e_t _al. ( 1968). W e s t - v e r g i n g  d u c t i l e  t h r u s t  faults 
then d e v e l o p e d  and cut a c r o s s  the axial s u r f a c e s  of the e a r l i e r  
fold nappes. The fold n a p p e s  and t h r u s t  f a u l t s  are d e f o r m e d  by 
two p h a s e s  of folds and b a c k t h r u s t s  r e l a t e d  to a c o m p l i c a t e d  
" b a c k f o l d i n g "  e p i s o d e ,  and by folds r e l a t e d  to the rise of g n e i s s  
domes. A s u m m a r y  of the s t r u c t u r a l  h i s t o r y  is p r e s e n t e d  in Table
1. F i g u r e  4 s h o w s  the a x i a l  t r a c e s  of the m a j o r  folds and their 
r e l a t i v e  ages.
The n a p p e s  and t h r u s t s  t r a n s p o r t e d  hot r o c k s  o nt o r e l a t i v e l y  
c o o l e r  rocks, s e t t i n g  up t e m p e r a t u r e  and p r e s s u r e  g r a d i e n t s  w h i c h  
led to peak m e t a m o r p h i c  c o n d i t i o n s  c l o s e l y  f o l l o w i n g  the n a p p e  
stage. The d o m i n a n t  f o l i a t i o n  is p a r a l l e l  to a x i a l  p l a n e s  of 
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Summary of structural features in Monadnock quadrangle.
Fig. 4 Axial traces of major folds and faults, showing phases of
deformation: (1) nappes,(2) thrusts,(3) early backfolds,(4) late back-
folds,(5) dome-stage and other late folds,(M) Mesozoic faults. Base of 
the Littleton Formation (dashed line) is shown locally for reference. 
Names of structural features are shown in Figure 2.
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(see m e t a m o r p h i s m  s e c t i o n )  i m p l y  a d e c l i n i n g  p r e s s u r e  just b e y o n d  
the pe ak  of m e t a m o r p h i s m  as a r e s u l t  of up lift. H o w e v e r ,  t h e r m a l  
e q u i l i b r i u m  was a p p a r e n t l y  not a t t a i n e d  t h r o u g h o u t  the p i le  of 
n a p p e s ,  r e s u l t i n g  in an i n v e r t e d  m e t a m o r p h i c  s e q u e n c e ,  w i t h  lower 
g r a d e  r o c k s  at the l o w e s t  s t r u c t u r a l  l e v e l  next to the K e e n e  dome. 
The b o u n d a r i e s  b e t w e e n  Zone II and III m e t a m o r p h i c  a s s e m b l a g e s  
and b e t w e e n  Z o n e s  III and IV ( F i g u r e  5) r o u g h l y  f o l l o w  the n a p p e -  
s t a g e  t h r u s t  faults, but t h e r e  are no s h a r p  d i s c o n t i n u i t i e s  in 
m e t a m o r p h i c  g r a d e  a c r o s s  the faults. A l a r g e  b a c k f o l d  ( B e e c h  
H i l l  a n t i c l i n e )  d e f o r m s  the Z on e  I I I - Z o n e  IV b o u n d a r y .  The r o c k s  
w e r e  in the s t a b i l i t y  f i e l d  of s i l l i m a n i t e  d u r i n g  b a c k f o l d i n g  
and do ming.
F o l d  N a p p e s
The M o n a d n o c k  s y n c l i n e  is i n t e r p r e t e d  as a n a p p e - s t a g e  fold. 
It is s e p a r a t e d  into two p a r t s  by i n t r u s i o n s  ( F i g u r e  2). S o u t h ­
w e s t  of the i n t r u s i o n s ,  the s y n c l i n e  is r e l a t i v e  n a r r o w ,  w it h 
g o o d  s y m m e t r y  a c r o s s  its a x i a l  trace. N o r t h  of the i n t r u s i o n  it 
is wider, and o v e r t u r n e d  to the s o u t h e a s t .  A l t h o u g h  the s t r a t i ­
g r a p h y  is g r o s s l y  s y m m e t r i c a l  a c r o s s  it, the p r e s e n t l y  u p r i g h t  
s o u t h e a s t  limb is m u c h  t h i c k e r  than the p r e s e n t l y  o v e r t u r n e d  
n o r t h w e s t  limb. P r i o r  to b a c k f o l d i n g ,  t h e s e  t o p p i n g  d i r e c t i o n s  
are b e l i e v e d  to have b ee n o p p o s i t e  to w h a t  they are today. The 
s o u t h e a s t  limb i n c l u d e s  a t h i c k  s e c t i o n  of the u p p e r  p ar t of the 
L i t t l e t o n  F o r m a t i o n ,  at l e a s t  in part t h i c k e n e d  t e c t o n i c a l l y .
The s o u t h e a s t  limb is f o l d e d  by the y o u n g e r  n o r t h e a s t - t r e n d i n g  
T h o r e a u  Bog s y n c l i n e ,  but the n o r t h w e s t  limb is not a f f e c t e d  by 
it. T h is  y o u n g e r  fold is a p p a r e n t l y  d i s h a r m o n i c ,  d y i n g  out 
r a p i d l y  to the north.
N a p p e - s t a g e  folds are a b u n d a n t l y  e x p o s e d  on Mt. M o n a d n o c k .  
T h e y  c o n s i s t  of t i g h t  i s o c l i n a l  folds w i t h  a m p l i t u d e s  far e x c e e d ­
ing t h e i r  w a v e l e n g t h s ,  and a x i a l  p l a n e s  p a r a l l e l  to the p e r v a s i v e  
f o l i a t i o n .  A m p l i t u d e s  are g e n e r a l l y  g r e a t e r  than five m e t e r s .
The be st  e x p o s e d  n a p p e - s t a g e  fold is the " B i l l i n g s '  fold" on a 
w e s t - f a c i n g  c l i f f  450 feet west of the s ummit. The c l i f f  p r o ­
v i d e s  a v ie w n e a r l y  p e r p e n d i c u l a r  to the fold axis. It is a 
r e c u m b e n t  s y n c l i n e .  L a y e r s  are m uc h t h i c k e r  in the h i n g e  th an  on 
the limbs.
S e v e r a l  m a p - s c a l e  folds on F i g u r e  2 are i n t e r p r e t e d  as n a p p e -  
s t a g e  folds: H o w e  R e s e r v o i r  s y n c l i n e ,  D u b l i n  P o nd  s y n c l i n e ,  and
G i l s o n  P o n d  a n t i c l i n e .  T h e r e  are also i s o c l i n a l  n a p p e - s t a g e  
folds, d e f o r m e d  by y o u n g e r  s t r u c t u r e s ,  in the D e r b y  H il l " w i n d o w " .
E a r l y  T h r u s t  F a u l t s
T h r e e  t e c t o n i c  l e v e l s  are p r e s e n t  in the M o n a d n o c k  q u a d ­
r a n g l e ,  a p p a r e n t l y  s e p a r a t e d  by e a r l y  t h r u s t  f a u l t s  (the C h e s h a m  
P o n d  f a u l t  and the B r e n n a n  Hill fault, F i g u r e  2). T h e s e  l e v e l s  
c o n t a i n :  (1) an a u t o c h t h o n o u s ,  u p r i g h t  s e q u e n c e  o v e r l y i n g  the
K e e n e  dome, c o n s i s t i n g  of A m m o n o o s u c  V o l c a n i c s ,  P a r t r i d g e  F o r m a ­
tion, C l o u g h  Q u a r t z i t e ,  local F i t c h  F o r m a t i o n ,  and L i t t l e t o n  F o r ­
m a t i o n ,  (2) the f o l d e d  M o n a d n o c k  s e q u e n c e  c o n s i s t i n g  of the u n i t s  
s h o w n  in the s t r a t i g r a p h i c  c o l u m n  of F i g u r e  3, i n t r u d e d  by S p a u l -
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ding T o n a l i t e ,  and (3) a " g n e i s s i f i e d "  s e q u e n c e  c o n s i s t i n g  m a i n l y  
of R a n g e l e y  F o r m a t i o n  and K i n s m a n  Gr an it e.  G r a v i t y  s t u d i e s  show 
that the C a r d i g a n  p l u t o n  forms a 2-3 km thick, s u b h o r i z o n t a l  s h e e t ­
like mass ( N i e l s o n  e_t a l . , 1976). P a r t l y  b e c a u s e  the K i n s m a n  and 
r e l a t e d  B e t h l e h e m  G n e i s s  are e x p o s e d  above the B e r n a r d s t o n  and 
S k i t c h e w a u g  n a p p e s  to the west, they are b e l i e v e d  to have i n t r u d e d  
prior to the f o r m a t i o n  of the n a p p e s  ( T h o m p s o n  et al., 1968).
The K i n s m a n  is a p p a r e n t l y  cut by the C h e s h a m  Pond fault. E v i ­
dence in the M o n a d n o c k  q u a d r a n g l e  i n d i c a t e s  that S p a u l d i n g  T o n a ­
lite is y o u n g e r  than the nappes.
The B r e n n a n  Hill t h r u s t  fault is i n t e r p r e t e d  as a fault 
l a r g e l y  on a s t r a t i g r a p h i c  basis. The c o n t a c t  is d i f f i c u l t  to 
map. To the west are s i l l i m a n i t e - r i c h , l o c a l l y  s t a u r o l i t e - b e a r  
ing, m o n o t o n o u s  g r a y - w e a t h e r i n g  s c h i s t s  of the L i t t l e t o n  F o r m a ­
tion. To the east are more f e l d s p a t h i c  gray s c h i s t s  of the R a n g e  
ley F o r m a t i o n ,  with a b u n d a n t  q u a r t z - f e l d s p a r  augen.
The C h e s h a m  Po nd  fault is much b e t t e r  d o c u m e n t e d  than the 
B r e n n a n  Hill fault. N o r t h  of the S p a u l d i n g  pluton, L i t t l e t o n  F o r ­
m a t i o n  at the top of an u p r i g h t  s e q u e n c e  is o v e r l a i n  by augen 
schist of the R a n g e l e y  F o r m a t i o n .  The c o n t a c t  is not e xp os ed , 
but can be n a r r o w e d  down to less than ten feet in a few places.
To the east the C h e s h a m  Pond t h r u s t  is d e f o r m e d  by the B e e c h  Hill 
a n t i c l i n e ,  and m e r g e s  with the T h o r n d i k e  Pond fault zone, w h e r e  
y o u n g e r  f a u l t i n g  o b s c u r e s  its exact l o c a t i o n .  The M o n a d n o c k  s y n ­
cline is cut by the C h e s h a m  Pond fault.
B a c k f o l d i n q  and B a c k t h r u s t i n g
T h e r e  is a wide range of folds w h i c h  d e f o r m  the d o m i n a n t  
f o l i a t i o n  in the M o n a d n o c k  q u a d r a n g l e .  In s e v e r a l  o u t c r o p s  n a p p e -  
stage i s o c l i n a l  folds are d e f o r m e d  by y o u n g e r  folds, but there 
are very few i n s t a n c e s  of i n t e r s e c t i n g  y o u n g e r  folds, so that 
l i t t l e  s u c c e s s  has been made in s o r t i n g  out the folds of i n t e r ­
m e d i a t e  age. Open folds with steep axial p l a n e s  and a s s o c i a t e d  
c r e n u l a t i o n  c l e a v a g e  are o b v i o u s l y  y o u n g e r  and are r e l a t e d  to the 
K e e n e  dome. W e s t - o v e r - e a s t  a s y m m e t r i c  folds w h i c h  d e f o r m  the 
d o m i n a n t  f o l i a t i o n  are very c o m m o n  on Mt. M o n a d n o c k ,  and have the 
same sense and s t y l e  as the T h o r e a u  Bog s y n c l i n e  ( F i g u r e  2 and 
Trip C-1, F i g u r e  2).
The B e e c h  Hill a n t i c l i n e  is a m a j o r  b a c k f o l d  w h i c h  p l u n g e s  
m o d e r a t e l y  n o r t h w e s t .  At first it a p p e a r s  to be p a i r e d  with the 
M o n a d n o c k  s y n c l i n e  b e c a u s e  both are o v e r t u r n e d  t o w a r d  the s o u t h -
H ow ev er , my p r e s e n t  i n t e r p r e t a t i o n  is that the M o n a d n o c k  
s y n c l i n e  is an o l d e r  s t r u c t u r e  in the s o u t h e a s t  limb of the B e e c h  
Hill a n t i c l i n e .  This o v e r t u r n e d  limb dips s t e e p l y  n o r t h w e s t ,  
and c o n t i n u e s  south a c r o s s  c e n t r a l  M a s s a c h u s e t t s .  It is p r e s u m ­
ably a short limb in the b a c k f o l d  system. D ee p  s e i s m i c  r e f l e c ­
tion p r o f i l i n g  to the n o r t h  (Ando et al., 1984) s u g g e s t s  that 
the s t e e p l y  d i p p i n g  s t r u c t u r e s  do not c o n t i n u e  very far b e l o w  the 
e a r t h ' s  surface. S p a u l d i n g  T o n a l i t e  and K i n s m a n  G r a n i t e  were 
l o c a l l y  m y l o n i t i z e d  d u r i n g  b a c k f o l d i n g  on the s o u t h e a s t  limb of 
the B e e c h  Hill a n t i c l i n e  in the T h o r n d i k e  P o n d  fault zone. This
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zone was p r o b a b l y  r e a c t i v a t e d  in the M e s o z o i c .
B a c k t h r u s t s  cut the C h e s h a m  Pond fault, m os t n o t a b l y  at the 
D e r b y  H i ll  " w i n d o w " ,  w h e r e  an area of f o l d e d  r o c k s  of the M o n a d ­
nock s e q u e n c e  is s u r r o u n d e d  by a u g e n  s c h i s t s  and r u s t y  g n e i s s e s  
of the R a n g e l e y  F o r m a t i o n .  At first I i n t e r p r e t e d  th is  area as 
a true w i n d o w  in the u p p e r  p l a t e  of the C h e s h a m  Po nd  fault, but 
a m o r e  r e a s o n a b l e  e x p l a n a t i o n  i n v o l v e s  an e a s t - d i r e c t e d  back- 
t h r u s t  (Trip B-2, F i g u r e s  5 and 6).
D o m i n g
The K e e n e  dome is one of the many g n e i s s  d o m e s  a l o n g  the 
B r o n s o n  Hill a n t i c l i n o r i u m  which, due to t h e i r  r e l a t i v e l y  low 
d e n s i t y ,  rose late in the A c a d i a n  o r o g e n y  ( T h o m p s o n ,  et a l . , 1968) 
The d o m e s  are c h a r a c t e r i s t i c a l l y  s e p a r a t e d  by t i g h t  s y n c l i n e s  in 
the m a n t l i n g  m e t a m o r p h i c  rocks. T h e r e  are a b u n d a n t  u p r i g h t ,  
e a s t - o v e r - w e s t  m i n o r  folds wi th  a s s o c i a t e d  c r e n u l a t i o n  c l e a v a g e  
up to t h r e e  m i l e s  east of the K e e n e  dome. N o r t h  of the l a t i t u d e  
w h e r e  Rte. 12 c r o s s e s  the edge of the dome, m i n o r  folds p l u n g e  
g e n t l y  north. To the south, most p l u n g e  south. F o l i a t i o n  and 
b e d d i n g  next to the dome dip m o d e r a t e l y  east. F a r t h e r  east dips 
s t e e p e n  to v e r t i c a l  and b eyond.
The r o t a t i o n  s e n s e  of d o m e - s t a g e  folds r e v e r s e s  a c r o s s  the 
M a r l b o r o  s y n c l i n e ,  w h i c h  is i n t e r p r e t e d  as a d o m e - s t a g e  s t r u c t u r e  
w h i c h  d e f o r m s  the C h e s h a m  P on d t h r u s t  ( F i g u r e  2). The s y n c l i n e  
s t r i k e s  n o r t h  t o w a r d  an area of a high p o s i t i v e  B o u g u e r  g r a v i t y  
a n o m a l y  ( N i e l s o n  ert eQ  ., 19*76) w h i c h  is c e n t e r e d  on the R a n g e l e y  
F o r m a t i o n  west of the C a r d i g a n  pluton.
S u m m a r y
R o c k s  of the M e r r i m a c k  t r o u g h  were d e f o r m e d  by f o l d - n a p p e s  
and t h r u s t - n a p p e s  d i r e c t e d  t o w a r d  the west, f o l l o w e d  by b a c k f o l d s  
and d o m i n g .  The B r e n n a n  Hill fault t r a n s p o r t e d  r o c k s  of the 
" M o n a d n o c k  s e q u e n c e "  over the t h i n n e r ,  a u t o c h t h o n o u s  s e q u e n c e  of 
the B r o n s o n  Hi l l a n t i c l i n o r i u m .  The t h r u s t  is i n t e r p r e t e d  here 
as a d u c t i l e  t h r u s t  near the root zone of the B e r n a r d s t o n  nappe. 
The C h e s h a m  P o n d  t h r u s t  c a r r i e d  the K i n s m a n  G r a n i t e  and R a n g e l e y  
F o r m a t i o n  w e s t w a r d  over the M o n a d n o c k  s e q u e n c e ,  c u t t i n g  a c r o s s  
the n a p p e - s t a g e  M o n a d n o c k  s y n c l i n e  b e t w e e n  the Fall M o u n t a i n  n a p p e  
and l o w e r  n a p p e s .  A m a j o r  b a c k f o l d ,  the B e e c h  Hill a n t i c l i n e ,  
d e f o r m e d  the C h e s h a m  P o nd  thrust, and it is in this a n t i c l i n e  
that the n a p p e - s t a g e  s y n c l i n e  is e xp o se d.  A s i m i l a r  i n t e r p r e t a ­
tion can be e x t e n d e d  n o r t h w a r d .  The " K e a r s a r g e - C e n t r a l  M a i n e  
S y n c l i n o r i u m "  ( L y o n s  et a 1., 1982), a l o n g  w h i c h  the New H a m p s h i r e
s e q u e n c e  is e x p o s e d  b e n e a t h  a s h e e t  of K i n s m a n  G r a n i t e ,  is p r o b ­
ably the same n a p p e - s t a g e  s y n c l i n e  e x p o s e d  b e c a u s e  of a y o u n g e r  
b a c k f o l d  a n t i c l i n e .  A c c o r d i n g  to this model, the Fall M o u n t a i n  
n a p p e  and the K i n s m a n  G r a n i t e  must be r o o t e d  east of the K e a r ­
s a r g e - C e n t r a l  M a i n e  S y n c l i n o r i u m .  I n v e r t e d  u n i t s  of the M o n a d ­
n oc k s e q u e n c e  a p p e a r  l o c a l l y  b e n e a t h  the west edge of the A s h u ­
elot p l u t o n  of K i n s m a n  G r a n i t e  s o u t h w e s t  of K e e n e  (Elbert, 1986).
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M E T A M O R P H I S M  
M e t a m o r p h i c  A s s e m b l a g e s  in P e l i t i c  S c h i s t s
In the M o n a d n o c k  q u a d r a n g l e  r e g i o n a l  A c a d i a n  m e t a m o r p h i s m  
has a f f e c t e d  all the l a y e r e d  rocks and the K i n s m a n  G r a n i t e .  The 
peak of m e t a m o r p h i s m  p r o d u c e d  p r e d o m i n a n t l y  "upper s i l l i m a n i t e "  
zone m i n e r a l  a s s e m b l a g e s  in the p e l i t i c  schists: Zone III ( s i 1 -
m u s - g a r - b i o t ) and Zone IV (s i l - m u s - g a r - b i o t - k s p ) of T r a c y  (1975). 
The C h e s h a m  Pond fault c o i n c i d e s  a p p r o x i m a t e l y  with the b o u n d a r y  
b e t w e e n  Zones III and IV. Rocks c o n t a i n i n g  s t a u r o l i t e  (Zone II: 
s i l - m u s - s t - g a r - b i o t ) occur west of the B r e n n a n  Hill fault. Cordi 
erite was o b s e r v e d  in thin s e c t i o n s  of rocks i m m e d i a t e l y  west of 
the C a r d i g a n  p l u t o n  (Zone VI: s i l - g a r - b i o t - k s p - c r d ) . S i l l i m a n ­
ite p s e u d o m o r p h s  after a n d a l u s i t e (" a n d a l u m p s " ) are a b u n d a n t  in 
much of the q u a d r a n g l e .  A line on F i g u r e  5 shows the a p p r o x i m a t e  
former p o s i t i o n  of the t r i p l e  point b e t w e e n  the t h r e e  a l u m i n u m  
s i l i c a t e  p o l y m o r p h s ,  kyanite, a n d a l u s i t e ,  and s i l l i m a n i t e .  Kyan- 
ite was t r a n s f o r m e d  to s i l l i m a n i t e  west of the line, and a n d a ­
lusite was r e p l a c e d  by s i l l i m a n i t e  to the east. N e i t h e r  r e l i c t  
k y a n i t e  nor r e l i c t  a n d a l u s i t e  has been found in the q u a d r a n g l e .
R e t r o g r a d e  r e p l a c e m e n t  of s i l l i m a n i t e  by m u s c o v i t e  and of 
K - f e l d s p a r  by m u s c o v i t e  and quartz is w i d e s p r e a d  in the q u a d ­
rangle. More a d v a n c e d  r e t r o g r e s s i o n  o c c u r r e d  in the area n o r t h ­
east of Mt. M o n a d n o c k ,  w h e r e  F e - c h l o r i t e  has p a r t i a l l y  r e p l a c e d  
garnet, and s e c o n d a r y  m u s c o v i t e  and c h l o r i t e  are m a j o r  c o m p o n e n t s  
of the rock. C h l o r i t o i d  is also c o m m o n  on Mt. M o n a d n o c k  and in 
the r e t r o g r a d e d  area. In hand sample, it a p p e a r s  as dark green 
clumps w h i c h  w e a t h e r  out to form pits. Tiny s t a u r o l i t e s  were 
o b s e r v e d  in thin s e c t i o n  with c h l o r i t o i d ,  c h l o r i t e ,  and m u s c o v i t e ,  
r e p l a c i n g  s i l l i m a n i t e  and biotite. B r o w n i s h  t o u r m a l i n e  in hand 
s a m p l e s  can e a s i l y  be m i s t a k e n  for s t a u r o l i t e ,  but p r o g r a d e  
s t a u r o l i t e  was not found a n y w h e r e  o u t s i d e  of Zone II shown on 
F i g u r e  5.
G a r n e t  Z o n i n g  in Zone III and P-T E s t i m a t e s
Two g a r n e t s  from a t y p i c a l  Zone III p e l i t i c  s c h i s t  (M K - 4 3 2) 
were s t u d i e d  with the e l e c t r o n  m i c r o p r o b e .  P y r o p e  i n c r e a s e s  
t o w a r d  the rim, e x c e p t  where the garnet t o u c h e s  b i o t i t e ,  and 
there p y r o p e  d e c r e a s e s  abruptly. A l m a n d i n e  is fairly c o n s t a n t  
except t o w a r d  rims t o u c h i n g  biotite, w h e r e  it rises. S p e s s a r t i n e  
follows a p a t t e r n  i n v e r s e  to that of pyrope. G r o s s u l a r  shows 
little v a r i a t i o n .  One p o s s i b l e  e x p l a n a t i o n  for t h e s e  t r e n d s  is 
early p r o g r a d e  g a r n e t  g r o w t h  from s t a u r o l i t e  + b i o t i t e  + quartz. 
After s t a u r o l i t e  was c o n s u m e d ,  garnet g r o w t h  s t o p p e d  and was 
later a f f e c t e d  by local r e t r o g r a d e  c a t i o n  e x c h a n g e  w h e r e  g a r n e t  
t o u c h e d  m u s c o v i t e  and biotite. Two b i o t i t e - f r e e  g a r n e t  rim 
a n a l y s e s  c o m p a r e d  with m a t r i x  b i o t i t e  give t e m p e r a t u r e  e s t i m a t e s  
of 670 and 635° C, u si n g  T h o m p s o n ' s  (1976) c a l i b r a t i o n s .  Spear 
and S e l v e r s t o n e 's (1984) garnet and b i o t i t e  i s o p l e t h  d i a g r a m  
yields an i n t e r s e c t i o n  at 650° C and 5.8 kbar for the same data.
G a r n e t  z o n i n g  in a d i f f e r e n t  s a m p l e  (MK-629) w it h the u nusual
K - p o o r  a s s e m b l a g e  q u a r t z - b i o t i t e - p l a g i o c l a s e - g a r n e t - c o r d i e r i t e -
s i l l i m a n i t e ,  shows a d e c r e a s e  in p y r o p e  and s p e s s a r t i n e
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Fig* 5* Metamorphic zones based on assemblages observed in thin sec-
tion, or staurolite in hand sample (Zone II). Includes data from 
Chamberlain (1981). Plutons outlined for reference.
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t o w a r d  the rim, and an i n c r e a s e  in a l m a n d i n e .  The most mag- 
n e s i a n  g a r n e t  c o m p o s i t i o n  and a t e m p e r t u r e  of 640° C give an
e s t i m a t e d  p r e s s u r e  of 6.3 kbar using Tracy et al.'s (1976) cali
b r a t i o n  of the r e a c t i o n  [sil + gar + qtz = cr The g a r n e t  rim
c o m p o s i t i o n  in c o n t a c t  with c o r d i e r i t e ,  and the t e m p e r a t u r e  e s t i ­
m a t e d  from core c o r d i e r i t e  c o m p o s i t i o n  (620° C) gives a p r e s s u r e  
of 6.1 kbar. These e s t i m a t e s  seem c o n s i s t e n t  w it h the c o n c e p t  
that the g a r n e t  z o n i n g  in M K - 6 2 9  took place under c o n d i t i o n s  of 
f a l l i n g  t e m p e r a t u r e ,  but the zoning trend is not well u n d e r s t o o d .
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ITINERARY
Assembly point is Keene State College, Commons Parking lot, 8:30 a.m. 
Topographic Maps: Monadnock 15' quadrangle, OR Marlborough and Monadnock
Mountain 7.5' x 15' provisional edition (1984) quadrangles.
Permission has been obtained from private landowners for the 1988 field 
trip; if you wish to visit Stops 4, 8, 10, 11A , 12, 13 on your own, please 
secure landowners' permission.
Mileage
0.0 Take Wyman Way to Main Street.
0.2 Right (S) on Main Street.
0.5 Straight through lights on Rte. 12 south.
4.5-4.6 Roadcut on left: east edge of Keene dome, overlain by Ammonoosuc
Volcanics, Partridge Fm., Clough Quartzite, and Littleton Fm.
4.9 Approximate location of Brennan Hill thrust.
5.3-5.4 Roadcut on right: gray Rangeley Fm.
5.6-5.7 STOP 1A: Rangeley Formation. (Quick stop to observe lithology.)
Roadcuts on both sides: rusty quartz-biotite-plagioclase-silliman-
ite-muscovite schist with beds and pods of calc-silicate granulite. 
Layering and foliation dip moderately east. Mineral lineations and 
crinkle fold axes (dome stage) plunge 35 to 45° SE. Boudinaged 
pegmatite at east end of cut.
Continue east on Rte. 12.
6.2 STOP 1B: Rangeley Formation. Park in rest area on right.
Road cut on south side: gray augen schist, with minor calc-silicate
pods. East-over-west dome-stage folds plunae south. Any specula-
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tion as to the origin of the augen?
Roadcut on north side: gray Rangeley with rusty Rangeley at east
end.
Continue east on Rte. 12.









Rusty Rangeley roadcut on left beyond bridge.
Cemetery on left. Crossing Francestown and Warner Fms. on west limb 
of Monadnock syncline (Fig. 6).
Troy village green.
At south end of green, turn right (W) on High Street, past bakery. 
Cross old RR bridge — RR cut is in Littleton Fm.
9.1-9.2 Littleton outcrops in house yards (return here for Stop 3)
Recrossing Francestown Fm., west away from Monadnock syncline.
■
Turn right up dirt driveway (across from white garage with red doors) 
Rangeley outcrops in woods to east: rusty biotite-sillimanite schist
Turn vehicles around at end of drive.
STOP 2 : Quartz-pebble conglomerate in Rangeley Formation.
Walk down drive, look for stonewall in woods to left (E). Outcrop 
is 50 feet south of wall. Contact between rusty micaceous quartzite 
and conglomerate strikes N04E, dips 56 NW. Pebbles are flattened
2083'
Fig. 6. Monadnock syncline in the Troy area,
showing locations for Stops 2 and 3. Francestown ruled
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parallel to foliation oriented N14E, 66NW. Pebbles are vein quartz, 
white quartzite, and rare calc-silicate clasts which give the out­
crop a pitted surface where they have weathered out. Although it is 
a grain-supported conglomerate, there is a calc-silicate matrix made 
of diopside, garnet, clinozoisite, actinolite, sphene and calcic 
plagioclase.
Retrace route toward center of Troy.
10.3 STOP 3 : Littleton Formation. Small blasted outcrop to right (S)
obscured by saplings. Spangles of muscovite across the foliation 
are typical of Littleton in the southern part of Monadnock syncline. 
We are west of the aluminum silicate triple-point isobar.
10.4 Troy green. Go briefly east on Rte. 12 toward Fitzwilliam.
10.3 Pond on right
10.6 Turn left on road to Jaffrey and Mt. Monadnock.
11.2 Crossing Warner and Francestown on east limb of Monadnock syncline.
11.7 Stonewalls and large boulders of Fitzwilliam Granite.
12.3 View to east of Gap Mtn.: Littleton with sillimanite pseudomorphs
after andalusite on summit, in roof pendants within Spaulding 
Tonalite.
13.2 Turn right (E) on Rte. 124.
13.9 Spaulding Tonalite on right.
14.0 Littleton Fm. intruded by granite on left.
14.3 Parking area for White Arrow Trail to Monadnock (Trip C-1).
15.2 View north to Monadnock: Visible outcrops are entirely Littleton
Fm., with Silurian units in woods along base on east limb of Monad­
nock syncline, and Spaulding Tonalite in the valley.
15.4-15.5 Spaulding Tonalite, both sides of road.
15.8 Glimpse of Cummings Pond on right; Rangeley Fm. outcrop on right.
15.9 Perry Mountain Fm. on right. Park on right side on wide shoulder
near "School Bus Stop Ahead" sign:
STOP 4: Perry Mountain/Francestown contact. Don't disturb horses!
Don't leave gates open! W a l k  down through horse pasture east of 
white house north of road to Dole Brook and contact between Perry 
Mountain Fm. (W) and Francestown Fm. (E). The contact is folded by 
open folds plunging 69° NE. Francestown here is mainly blocky- 
weathering granulite. Perry Mountain contains pitted horizons due 
to weathered-out biotite-garnet-apatite lenses, which may have been
fossils.
Continue east on Rte. 124.
16.7 Obscure outcrops, both sides of road are Rangeley Fm.
16.9 Small outcrop on left: Kinsman Granite.
16.95 Jaffrey Center Fire Station. Thorndike Pond fault zone extends








Small pond on right.
Recrossing layer of Kinsman that we passed by the fire station.
Pass Bible Conference Center, and turn left toward State Park, 
climbing up over a small drumlin.
STOP 5 : Half-hour traverse across Gilson Pond anticline (Fig. 7).
Park in small turnout on right with "No Picnicking" sign and follow 
trail to wildflower garden.
SCALE : 1" = 2 0 8 3 '
Fig. 7. Geology Southeast of Mt. Monadnock, showing Stop 4 and 
Stop 5, traverse along Ark Brook across an isoclinal fold. 
Horizontal ruling is the Francestown Fm.
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STOP 5A: NO HAMMERS. DO NOT DISTURB VEGETATION OR PLANT LABELS.
"The Boulder" in the garden is actually an outcrop of Littleton Fm.:
biotite-garnet-sillimanite-muscovite-quartz schist, with thumbnail-
garnets and some quartzose beds (graded beds top east).
Smooth, dark gray calc-silicate granulite pods toward west side of 
outcrop are similar to Warner Fm., and are common in the Littleton 
up to 100 feet from the contact with Warner. A similar pod at Gil­
son Pond, one mile north, contains a core of quartz, diopside, cal- 
cite, bustamite, grossular and zoisite, grading into a rim of quartz, 
plagioclase, actinolite, clinozoisite, grossular and sphene next to 
the enclosing schist. At Stop 5A note the clumps of sillimanite up 
to 2 cm long. The Zone III metamorphic assemblage here has not suf­
fered retrogression. Foliation is oriented N11E, 58NW.
From here we will go northwest across the Gilson Pond anticline 
which has Perry Mountain Fm. at its center. Follow trail east to 
stonewall and north along wall, through rhododendrons ("the Dell") to 
Ark Brook. Follow old Hinckley Trail up west bank. Low mossy out­
crops in brook are Spaulding Tonalite.
STOP 5 B : Strongly foliated "Gilson Pond type" Spaulding Tonalite in
contact with Littleton Fm. to northwest. The tonalite is a biotite- 
plagioclase gneiss with flaser texture produced by two intersecting 
foliations. Feldspar phenocrysts in the Gilson Pond type are typi­
cally 1-2 cm long, and show a preferred orientation parallel to one 
of the foliations. Tails on sheared feldspars indicate a west-side-
up sense of shear related to backfolding.
STOP 5C: About 150 feet upstream the brook branches. Warner Fm.,
intruded by Spauling Tonalite, is exposed in both branches. The 
typical slabby weathering of the Warner is best seen in the east
(right) branch. Francestown Fm. crops out where the east branch re­
joins the main brook. Both rusty, blocky-weathering calc-silicate 
granulite, and rusty, graphite-bearing, white mica schist of the 
Francestown are exposed. Foliation is oriented N24E, 74NW. Some 
surfaces have N-plunging lineations.
Continue up brook or trail about 300 feet.
STOP 5 D : Perry Mountain Fm. along right bank; Francestown in stream
bed west of the isoclinal axial trace. (Perry Mountain is better 
exposed at the next stop, on strike to the northeast.)
Continue upstream about 250 feet, passing Francestown outcrops in 
brook, to culvert and junction with Harling Trail which here follows 
an old road. Go northeast on road (XC 18): At 80' garnet schist, a
discontinuous horizon at base of Warner Fm.; 120' to Francestown in 
road; 50' further to outcrops in woods to right of road:
STOP 5 E : Perry Mountain Fm.: 3 to 4 cm interbedded white quartzite
and schist, in the center of the isocline. About 800' NE of here the 
Perry Mountain hinges out, and Francestown occupies the center of 
the isocline for another 4000' where it is cut by the Spaulding.
Retrace route to Ark Brook at trail junction. Examine outcrops up­
stream from culvert.
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STOP 5F: Warner Fm.: Banded calc-silicates of lower part of Warner
can be seen in pool, with more massive feldspathic granulites in 
mossy outcrops beyond. 250 feet upstream from culvert, on right 
bank is a fold hinge plunging 42° to the north. This is an open
backfold, west-over-east, of the sort that elsewhere deforms 
Spaulding Tonalite.
Warner Fm. crops out for another 850 feet upstream. Beyond that, 
Littleton Fm. continues to the top of Monadnock.
Retrace route to vehicles. CAUTION: avoid ski trail which leaves 
the brook; stay along the brook.
In vehicles, retrace route to Dublin Road.
19.5 Turn left (N) at stop sign onto Dublin Road.
20.7 Littleton Fm. on left.
20.9 Gilson Pond entrance to Monadnock State Park on left.
21.2 Thorndike Pond to right.
21.35 Turn right on dirt road at Camp Wanocksett. Spaulding Tonalite
outcrops.
21.8 Crossing south end of a drumlin.
22.1 Keep straight (E) at intersection.
22.4 Bear left (dead end to right).
22.85 Turn right (E) on Craig Road (paved).
23.4 Stay on Craig Road, bearing left.
23.7 Bear left (N) on Rte. 137. Spaulding Tonalite west of junction.
24.0-24.1 Outcrops and boulders of Kinsman Granite on left.
25.6 Turn right (E) on Rte. 101 (Bonds Corner crossroads).
26.0 Pass stop 7 on left.
27.1-27.2 STOP 6 : Roadcuts of Rangeley Formation at east edge of Monadnock
quadrangle. Mainly a quick lithology stop: rusty schist with calc-
silicate pods, much like Stop 1. Foliation and bedding dip steeply 
west. Many slickenside surfaces (Mesozoic?).
TURN AROUND WITH CARE! Proceed west on Rte. 101.
28.4 STOP 7 : Outcrops of Kinsman Granite, north side.
Foliation dips gently. Note folded mylonitized zone; Xenoliths
(calc-cilicates at west end); dark-colored rock at west end—is it
mylonite or a Xenolith?
28.8 At Bonds Corner stay straight west on Rte. 101.
29.8 View of Beech Hill straight ahead: Littleton Fm. in hinge of Beech
Hill anticline (backfold stage).
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30.3 Pass Monument Road on right, Hedge House Gifts on left. Park care­
fully on right shoulder before curb begins.
STOP 8 : Upper part of Littleton Formation. Outcrop in trees south 
of Rte. 101, west of Hidden Brooks B & B. Glacially striated roches 
moutonnees of thinly bedded schist and quartzose schist with weather­
ed-out retrograded sillimanite pseudomorphs and garnets. Best expo­
sure south of stonewall. Similar to Littleton on Mt. Monadnock
above the Seven Quartzites (see Trip C-1).
30.8 Blinking light in center of Dublin. Home of Yankee magazine.
31.0 Bear right on Old Common Road past Dublin School. Stay on this road
to where it rejoins Rte. 101 at Dublin Pond, and park along it before 
stop sign. Do not park on Rte. 101.
31.5 STOP 9 : Overturned west limb of Monadnock syncline (Fig. 8). WATCH
TRAFFIC. Littleton Fm. in woods north of Old Common Road continues 
up to Beech Hill. Warner Fm. on sharp curve concave toward pond; 
Francestown on curve convex toward pond west of Old Harrisville Road. 
Spaulding-related granite intrudes the Francestown to the west.
WATCH TRAFFIC ON BLIND CORNER!
Layering dips predominantly west. East-dipping Francestown is part 
of a minor fold. Minor folds in Warner are backfolds with east-over- 
west sense.
D u b l in
CALE 2083
Fig. 8. Geology around Dublin Pond and Beech 
Horizontal ruling is the Francestown Fm.
ill (Stops & 9).
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Return to vehicles and continue west on Rte. 101.
33.4 Webber Nursery.
33.5 Rangeley Fm. on left.
34.3 Howe Reservoir. Spaulding Tonalite on left. (Type locality
Spaulding Hill one mile to southwest.)
36.1 Marlborough town line.
36.3 Turn right (N) on Oliver Road.
36.6 At T intersection turn left onto Old Chesham Road. Stop 10 will
visit an upright sequence which trends ENE parallel to Old Chesham 
Road ridge (Fig. 9).
36.7 STOP 10A: Outcrops in yard of log house. Watch out for rock garden
plants. Perry Mountain Fm. with open folds and coticule.
Continue west on Old Chesham Road.
37.5 STOP 10B: Second old house on right beyond two drumlin hills. Pro­
ceed on foot to outcrops of Francestown Fm. in pasture on slope 
directly behind farm buildings. There are minor folds in the Frances 
town, but general trend is ENE.
Find gap in stonewall NW of outcrops, follow logging road into woods. 
Flagged route from road NW to outcrops of Warner and Littleton Fm. 
Gradational Warner/Littleton contact. Coarse (up to 1 cm) silli­
manite is typical of Littleton in this area.
Return to vehicles and retrace route past Stop 10A, east on Old 
Chesham Road.
38.4 Keep straight east.
39.0 Bear straight (E) onto paved Chesham Road.
0
39.2 Cross bridge and turn left (N) on unmarked dirt road.
39.3 Francestown outcrops in woods to right, forming small ridge.
39.5 Stay straight on Old Harrisville Road (unmarked).
39.55 STOP 11A : Outcrops north of first house on right, in yard of guest
house and directly north of guest house: Littleton Fm. with garnet
and coarse sillimanite. Graded bed upside down. Calc-silicate pod. 
(Does this indicate proximity to Warner Fm.?)
Continue in vehicles northwest on Old Harrisville Road.
39.75 STOP 11B : Chesham Pond fault.
Pull onto shoulder beyond next house. Outcrops along roadbank:
100' to 200' beyond driveway: Littleton Fm.; 200' to 305': gap in
outcrop; 305' to 325': Littleton Fm.—sillimanite schist; 325' to
400': Rangeley Fm.—massive augen schist.
Contact is not exposed, but there is no room for intervening units. 
Continue west on Old Harrisville Road.
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Fig. 9. Northwest limb of the Beech Hill anticline, s h o w i n g
„ I I I ■  I ■  * w
Stops 10A and 10B on the upright sequence, Stop 11 at the 
Chesham Pond fault, and Stop 12 in the "window". Horizontal 
ruling indicates the Francestown Fm.
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40.1 Turn right (N) on Hardy Hill Road. Rangeley Fm. in woods to right.
40.5 STOP 12: Traverse across southern part of Derby Hill "window".
Rangeley Fm., mainly augen schist (metamorphosed mylonite?), surrounds
an irregular area of younger rocks (Fig.l.Q). Within the area, 
Rangeley, Perry Mountain, Francestwon, Warner, and Littleton Fms. 
are deformed by isoclinal folds, which are in turn deformed by open 
folds. The window-like structure is interpreted as a backthrust 
along the east boundary of the window which displaces the Chesham 
Pond thrust (along the west boundary). We will follow a flagged 
route which zigzags across the structure.
Return to vehicles and continue north on dirt road to turn around in 
logging road at 40.8 miles if dry, or continue to house on hill to 
turn around.
42.05 Retrace route to Stop 11A.
42.1 Turn left (NE) on unmarked road.
42.7 Chesham Depot. . Turn hard left toward Nelson.
43.0 Turn left on Sunset Hill Road.
43.5 Outcrops and boulders of Rangeley Fm. on left.
43.75 Keep straight on dirt road.
44.05 Road goes down over ledge of Rangeley Fm. Two driveways to right.
Backthrust crosses road between here and Francestown outcrop on left 
(Figure 11) .
44.40 Turn right on "Derby Hill Private Road".
44.45 Ask permission from Drury's before proceeding further.
44.55 Park near chimneys of burned-out building.
STOP 13: Derby Hill. Visit outcrops as time permits. Francestown
outcrops at the chimneys were mapped by Fowler-Billings (1949) as 
the rusty quartzite member of the Littleton. Good exposures of 
Perry Mountain and Rangeley to west before reaching augen schist at 
scout camp. To the east, Warner is in contact with the augen schist 
near private road crossroads.
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Fig. 10. South part of Derby Hill "window". Formations are 
abbreviated as on text Fig. 3. Sra is augen schist assigned 
to the Rangeley Fm., which in part may be meta mo rph os ed  








1 0 0 m
Fig. 11. A portion of the north part of Derby Hill "window" 
Abbreviations as on Fig. 3.and 10. Stop 13 will visit the 
Francestown Fm. on Derby Hill itself, and the backthrust 
along the driveways to the east.
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